This paper presents an attempt of examining the irregularities appearing in a complicated A 
+ bands system of the 12 CH + ion radical, it was proved that the vibrational and rotational quanta of the upper state reveal the same unusual behaviour, i.e. very clear nonlinear dependence on vibrational quantum number (v ≥ 3) of the upper state. Therefore, upper vibrational levels (v ≥ 3) of the A 1 Π state cannot be determined by means of the equilibrium constants calculated in the previous works. Due to so far unidentified A 1 Π state perturbations, the reduction of the wave numbers to the rovibronic parameters was carried out by means of individual, band-by-band analysis method, using with this end in view the nonlinear least squares method introduced by Curl and Dane, and Watson. This method allowed one to make already calculated constants of the rovibronic structure of regular lower state X 
Introduction
Within the last 60 years, the CH + ion radical has been the subject of almost hundred, both theoretical and experimental, publications as well. This significant amount of papers devoted to this molecule has been inspired by its two important features:
(a) Its kinetic behaviour is rich in information about many molecule-building reaction paths which take place in the space, as the CH + is a major intermediate of it; (b) It has only 6 electrons and that is why it is extremely appropriate for ab initio calculations of high accuracy. Comparisons of theory and experiment determine a test, very important for these calculations, which also decides about their quality and correctness.
The beginning of spectroscopic research concerning the CH + radical, goes back to 1941 [1] . At that time, during the Yerkes Observatory Conference, it was suggested that one unidentified group of interstellar absorption lines comes from this particular ion radical. Four individual, very intense lines with 4232.58, 3957.72, and 3745.33Å wavelengths, isolated from spectrum reaching our planet from the interstellar space by Dunham [2] , Dunham and Adams [3] , and Adams [4] , seemed to be particularly interesting. This hypothesis has been proved by an analysis of spectrum of the CH + molecule, obtained in laboratory conditions by Douglas and Herzberg [5] , who also analysed the 0-0, 1-0, 2-0, and 0-1 bands of the A−X system. Wavelengths of the R(0) line received for the first three bands, occurred to be lines 4232.58, 3957.72, and 3745.33Å obtained from the space. It was the first experimentally gained proof that the CH + ion radical is the main element of the interstellar gas clouds. They calculated the vibrational constants for the A 1 Π state (ω e = 1850.02; ω e x e = 103.93 cm −1 ; unfortunately without the experimental uncertainties) for the first time, altogether with some of the equilibrium rotational constants for both the upper A state and the lower X state. These two vibrational constants of the A state fit later discovered higher vibrational levels in a very good manner. Nonetheless, the authors observed that the vibrational levels of the electronic state discussed converge much faster than it had been expected. That is why they drew a false conclusion that in consequence level v = 2 is the last one and dissociation energy amounts about 5500±1800 cm −1 . The fourth absorption line (3579.04Å) observed in the interstellar space seemed to belong to band 3-0, unobserved in that paper. However, the problem lied in the fact that had it been the truth, the first of all constants, ω e y e , would have had an unexpectedly high value, and secondly, three equilibrium vibrational constants would not have fitted a higher vibrational level. Due to these reasons, the authors expressed the opinion that the line 3579.04Å cannot belong to the CH + molecule. Douglas and Morton [6] verified this conclusion. Thanks to their work it occurred that a relatively high, positive value of vibrational constant ω e y e of the A 1 Π state does exist (ω e = 1865. 35 , ω e x e = 115.85, ω e y e = 2.64 cm −1 ). Henceforth, the fourth, so far unidentified line from the interstellar space 3579.04Å also belongs to the CH + radical. Carré and Doufnay [7] and Carré [8] , who examined emission spectra of CH 4 and C 2 H 2 molecules, excited by means of proton impact, observed bands 3-0 and Π (0-1 and 1-2 bands) was observed by Macau-Hercot et al. [14] .
Lately, Hakalla et al. [15] have received longer than so far observed bands (0-0, 0-1, and 2-1) of the A−X system in the 12 CH + molecule. On the basis of molecular information obtained from these bands and through the second analysis of bands received by Carrington and Ramsay [10] , the following have been calculated: more accurate wave numbers, the improved reduced band system origin T Forming, disintegrating and abundance of the CH + radical in the space were the subject of very intense research in the last years (see Ref. [16] and references therein). Research into the identification of the CH + spectrum molecule in the interstellar space were also carried out in a large amount (for a review see Refs. [17, 18] and references therein). Within the confines of aforementioned works, the first identifications of emission lines of the CH + molecule were made: (i) in comets by Greenstein [19] , (ii) outside the Solar System by Balm and Jura [20] , (iii) in the Red Rectangle nebula by means of the high resolution spectroscopic observation of the emission lines from the exciting carbon-rich star HD 44179 by Waelkens et al. [21] . Nevertheless, the first identification of absorption lines of the CH + molecule with the interstellar origin was made by Spitzer [22] . Cernicharo et al. [23] were the first ones who recognized the pure rotational spectrum of the CH + in the NGC 7027 planetary nebula. The CH + ion radical is an extremely important factor participating in creation of such important molecules, appearing in the space, as CH, C 2 , CO, CN, and many others.
In some experimental works mentioned above [5, 6, 10] , it has been observed that the A 1 Π state of the CH + molecule reveals strong irregularities. Experimental vibrational and rotational constants of the A 1 Π state are known for all the levels, from v = 0 to v = 4. Unfortunately, the irregularities in the observed vibrational term values of these electronic states make a satisfactory extrapolation of these data, used in order to determine molecular constants of higher vibrational levels impossible. Another problem caused by these disturbances is the fact that no value of v does ∆G(v ) = 0. Despite a so big influence of these irregularities on the A 1 Π state structure and spectra connected with the state, their character and source have not been determined yet. The attempt to answer this question has been made within the framework of this project.
The lowest dissociation threshold of the CH

+
Predissociation absorption lines of the CH
+ for the first time were recorded by Carrington and Sarre [24] by means of an argon ion laser operating in a visible wave band. Cosby et al. [25] , and Graff and Moseley [26] analysed them in detail using the visible and near-ultraviolet lines of both argon and krypton ion lasers. Many theoretical ( [27] and literature ibidem) and experimental studies ( [28, 29] also see references therein) have been conducted concerning the examination of the first dissociation limit and the electronic states combined with them. These works showed that its structure is very specific, i.e., it is governed by the 63.4 cm
fine-structure splitting [30] of the C + (2P ) fragment energy levels [31] . The A 1 Π potential curve, responsible for the radiative transitions to the CH + ground state is adiabatically combined with the higher lying 
. Potential energy curves for CH
+ radical correlating to the first three dissotiation limits. Adapted from Ref. [32] and [29] . ∆ESO means the spin-orbit splitting of the lowest dissociation threshold (indicated with the broken line). ∆E SO = 63.4 cm
(after Moore [30] ).
states mentioned in the introduction of this paper was shown in Fig. 1 made on the basis of works carried out by Sarre and Whitham [32] and Hechtfischer et al. [29] .
Analysis and calculations
The problem with the A 1 Π state in the CH + molecule is that the equilibrium molecular constants of this state, counted both theoretically and experimentally do not fit its higher levels. This irregularity was observed by Douglas and Herzberg [5] in 1942, next in 1960 by Douglas and Morton [6] , and also by Carrington and Ramsay [10] in 1982. So we decided to verify this problem by means of the newest experimental data obtained by Hakalla et al. [15] recently. For this purpose, on the basis of individual values of rovibronic constants obtained in the framework of work [15] , and assuming their traditionally recognized polynomial dependence on the vibrational quantum number, by means of calculation based on the weighted least squares method, the equilibrium molecular constants were calculated: a) vibrational for the A 
for the bands origins (see Fig. 2 ), and the deviations of B v from the formula
which is represented in Fig. 3 . Because of so far unidentified perturbations revealing their presence in the A 1 Π state, there has been a justified suspicion that the reduction of wave numbers of individual bands of A−X system in the CH + molecule by means of nonlinear least squares procedure, in which both analysed states are presented by effective Hamiltonian of Brown et al. [33] , provided in many previous publications falsified molecular constants for both upper and lower states. That is why in the present paper it has been decided to verify these calculations and carry out the reduction of wave numbers received by Hakalla et al. [15] and Carrington and Ramsay [10] to the rovibronic parameters (in the individual band-by-band analysis) by means of the most appropriate method in case of perturbations of one of the states taking place, namely a nonlinear least squares method introduced by Curl and Dane [34] and Watson [35] . Thanks to this method molecular information concerning regular ground state of X [15] and Carrington and Ramsay [10] ), to the rotational parameters for the individual bands, by means of the nonlinear least squares procedure, in which both analysed electronic states of this system were presented by effective Hamiltonian of Brown et al. [33] . The effects of this comparison are shown in Table II . Classification of irregularities observed in A 1 Π state of CH + radical was carried out by means of functions f x (J) and g x (J), where x = Q, PR, and PR, introduced by Gerö [36] and Kovács [37] (p. 287-301):
The most important area of applying these functions is discovery and identification of rotational perturbations. If irregularities appear in the Q branch, formulae (3) and (6) should be applied, irrespective of whether this perturbation affects upper or lower state of the system discussed. If irregularities appear in the P or R branches, then formulae (4) and (7) or (5) and (8) should be examined, depending on whether the perturbation is observed in upper or lower state. In this paper we have analysed all of these cases, in order to take into consideration a precise examination of irregularities observed. Selected graphs are shown in Fig. 4 and Fig. 5 , for the f x (J) and g x (J) functions, respectively. Graphs f x (J) in J 2 and g x (J) in J 2 (J 2 − 1) functions, linear and regular in the unperturbed intervals, will either rise or fall in the neighbourhood of points of perturbation passing over into another regular lines, depending on whether the rotational constants of the perturbing term is greater or smaller than that of the perturbed term. These deviations from the linear course of graphs make the fixing of the rotational constants of the perturbing term possible.
Discussion
So as to examine the irregularities appearing in A 1 Π state of CH + molecule precisely, the equilibrium molecular constants of this state were calculated on the basis of data more accurate than those obtained previously and the latest rovibronic constants of this state received by Hakalla et al. [15] lately. The data connected with A Fig. 2 and Fig. 3 , respectively. Analysing these graphs, we state the fact that the vibrational and rotational quanta of upper state of A−X state, do reveal the same, unusual behaviour, namely a very vivid nonlinear dependence on vibrational quantum number v of the A 1 Π state, and that higher rotational levels (v > 2) of this state cannot be represented within the bounds of experimental uncertainties by the equilibrium constants derived from lower (v ≤ 2) vibrational levels. Due to this reason, as the further calculations show, the v = 3 and v = 4 vibrational levels of the state discussed do not fall in the position which one would predict from the v = 0, 1, and 2 levels, and they converge much more slowly than expected. In fact, if the observed ∆G(v ) vibrational distances are fitted to a cubic or quartic equation, then for no value of v does ∆G(v ) = 0. That is why we concede that fixing the dissociation energy for A Table II ). This comparison is extremely surprising since constants of the lower state of A−X system separated from the influence of rotational perturbation originating from higher A 1 Π state are in a significant majority unanimous (within the confines of one standard deviation) with those calculated in Ref. [15] . This conclusion -together with a very good small value of the standard deviations for the calculations carried out with the use of both methods -proves the nonexistence of rotational perturbations of A 1 Π (v = 0, 1, 2, and 3) state up to observed J max .
Appropriate graphs based on the functions f x (J) and g x (J), introduced by Gerö [36] and Kovács [37] , where x = Q, PR, and PR, were drawn and are presented in Fig. 4 and Fig. 5 . Linear, regular course of all these types of graphs prove definitely the fact of nonexistence of rotational disturbances in electronic state A 
Conclusions
This paper presents a modern analysis of complicated A 1 Π (v = 0, 1, 2, 3, and 4) state in 12 CH + molecule as well as an attempt to identify the strong irregularities observed in this electronic state. Undoubtedly, our knowledge about the CH + molecule is still too poor so that the formulation of the final conclusions about the type and origin of these disturbances can not be possible. Nonetheless, the definite exclusion of rotational perturbation (within the framework of observed rotational levels for v = 0, 1, 2, and 3), together with the first determination of the real (perturbed) values of the rotational terms for A 
